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This invention concerns & novel maltogenic cUDylase 
and a process for its preparation. 



Back gro^snd o£ the rtyention 

S~smyiases are sialtogenic exo~ar^ylas;es vrhich 
bydrolyse a-lj^-glycosiaic bonds frw the non-redDcing ends 
of aif.yXase, ^jylopectin, or glycogen to produce the 
of maltose. The g-form of maltose will isomer ase 
spontaneously in aqueous solutions to a raissturs of the a- 
and iS ~foria. 

S-asjylases isay be Msed to prodtsce maltose con- 
taining syrups of use in the confectionery baking ~, and 
brewing indxistries. 

g~amylases have been isolated from various plants 
and laicroorganisms (W,H. Fogarty &ti& C.T. Kelly, Progress in 
Industrial Microbiology J, vol, IS, 112 » 115 X973)* The 
a-amylases known from plants (barley, s^'eet potato, and soy 
beans) and from the Bac i llu s species S. inycoides, B> 
tt^egsterlum, and B. polymyata are all enxyjses whose activity 
is inhibited by sislpbydryl rea«jentSr such as FGMB 
(parachloromecurifoeazoate) thus indicating that the active 
site involves an SH>-groupx 

Hitherto only one s-assylase has been aescribed 
vhich is not inhibited by PC»MB, namely a B~aissylase produced 

§J£li-iH.?._,.?ii::£iiiM^^ (US-patent 4^001,136). The 
£i:£>2!v.i.^.!?.i ^-asnyXase is more therjsos table than the above 
r.entionea f>~ainyiases. However, it is rapidly inactivated at 
arj d ab o e ■ 6 5 C , 

Ix^* a process for the production of -naltose v;h«?rein 
starch in an aqueous ;i;oeIium is hydrolyzed by a -aK-ylai^e It 
is, hov.'ever, advantaqeous to use a prcce~.s ^-.etr.peraturc of 
about fsfs - 70*C to inhibit. >t:i.io!^riidat 1 gti and to ayoid 
mcrobiai infections , 

Therefore f the above j^ent ioned Bacillus circulans 
j5~ar!yi£tiNe is less than well snUj. ted for corr^^erci a.l use at 
about. 65 " 70*'C because of too rapid deactivation. 



in US-pateat 3.804.715 is disciM^%%Mt re- 

s:lstant ^--amylase which is extracted trova whest bran as de~ 
scribea in BritisI^ patent So. X. 130, 398. The g~asayXase is, 
however less attractive in a ccmisaerciai process as compared. 
with an &nzyi(iB aeri\retS frcsn a foacterial source because th« 
latter can be producad on a iasrge scale «t relatively low 
costs compared to that of a g-aiaylase of plant origin. 

Therefore jr there exists a need for an effective 
microbial maltogenic amylase preparation which is scfficl- 
ently thermostable to he employed at 6S - 70**C for extended 
periods of time to allow hydrolysis of the starch is an 
eicoKDiaical way. 

at is an o&ject of the present isiveMtioa to fixr- 
nish a novel siicrobiai maltogerjic amylase which apart froKi 
not being irjactivated by stslphydryX reagents as PCME has a 
higher temperature stability than the saiorobial g -amylases 
already known. 

The present invention is based \3pon the disco^'ery 
that a novel extracellular maltogenic enzyme (CS99 amylase 1 
having stich properties is prodtsced frois a newly isolated 
)Kiicroor9anim belonging to the Bacillus stearothe rjmophilus 

CO!Rple;K» 

For better -anderstanding of the invention herein 
and the description which follows, attention is directed to 
the attached drawing wherein: 

Figure 1 is a plot of relative activity of 
the maltogenlc en^ysie against t^peratnre? 

Pigtsre 2 is a plot of relative activity 
against pBj and 

Figure 3 depicts the restriction endo- 
nuclease cleavage map for the novel plasmld pDN452 
of this invention* 

Sxiiwary of the lnvgntj..£5 

J^ccording to jts tir^-h aspect, the p^es^eni :-jnve;i~ 
tion provides a maltogenic amylase enstyme product which 
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comprises a rs,ovel thern^ostsble siaitocjsnic stnylese having fche 
following characteristics; 

it is obtainable by cultivation Irs a suitable 
nutrient ;5iediiiiTs of b BaciXIas strain C599 with the deposit 
TsujTiber 13 83 7. 

b) it exhibits the ensyrsH; chetni c?.5'J and Im^nunological 
properties of tni-j jija,! togenlc araylass; derived from the 
Baciiliss strain 

c) its activity optiisum nieasured at 30 mi.n reactioxj 
time in acetate buffer {0,1 M) at pH 5.5 is about 60«C, 

d) its pH optijnusj is at 30 sjin reaction tinss in the 
range of 4,5 - 6 as JetermiBSd in a MC llvaine buffer at 

e) it- has a residual activity after 60 rsinutes at 
70*0 in acetate biJffer (O.i Ml at pH 5,5 of at least 75%. 

Th& maitogenic aiaylase prodtsct j^ay be in solid or 
liquid form. Solid forms will generally have an activity of 
500 ^ 25000 0 tas hereinafter defined) per gram* 

According to its second aspect, the present. inveH- 
tion provides a process for th« preparation^ of the above 
maltogenic^ thermostable amylase enzyme proawct which pro- 
cess comprises the ctsltivation of the above mentioned Ba~ 
£y.lus strain C599 or variants or mtstants thereof productive 
of this enzyme la a suitable nutrient medium containing 
carbon an^S nitrogen sources and inorgajiic salts ^ optional ly 
fDllovyed by recovery of the maltogenic amylase enzyme 
produet. 

Furtheriisore> by means of Dm reeoBbinant technique 
the gene coding for the novel therasostable jsaltogenie 
assylase has been t:ransf erred into another microorganisss 
which produces, under appropriate conditions of cultivation^ 
substantially graater amounts of the jsialtogenic ajtsylase than 
are produced by the donor microorganism CC599). 

According to its third aspect, the present inven- 
tion accordingly provides a method of preparing a maitogenxc 
amylase enzyme product by transforming a suitable host mi~ 
cx-oorganism vith a recombinant plasmid containing a gene 
coding for the maltogenic, thermostable ajisylase and culti- 
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vatin^ the transformea mjcroorganisfts xn a &ui9A>?J^^^^ent 
medi«S5 containing carbon and nitrogen sources a^d inorgardc 
salts optionally followed by recovery of said maltogenic 
amylase ers^yme product. 

According to a further aspect", the present inven- 
tion provides a method of producing a recombinant plassdd 
containing the gene coding for the thermostable Jaaltogenic 
aisiyXase which s\ethod comprises cutting with an appropriate 
restriction enayisie chromososaai DSA fron a donor jfticroor- 
ganism productive of amylase to obtain a linear DNA-sequence 
containing the aiaylase-codins gene, cutting a suitsble 
vector to obtain a second linear 0HA.~s®qitjence and Xigating 
the two linear DKA~segaences to obtain a recoitsbinant plasjnid 
containing the amylase gene. 

The vector, pref er ahly an E, coli plasiaid, is cut 
with an appropriate restriction enzyme that will give linear 
UUh with ends that: can be joined to euds of the :£raginents of 
donor Bm » 

Ligatiors of the two linear sources of DMA-sequen- 
ces is accomplished by means of a iiga^a using techniques 
well kMKmn In the art , 

According to a preferred eisbodiiaent of the present 
invention the host microorganiSH! is selected fros the Bacll- 
lias groups preferably B , subt i lis , 

Traasforaiatlon of the host microorganisp is also 
accoSipliSEhed by well known methods including traiisf orming of 
the recombinant plasmid into E.coli cells, identifying 
starch degrading transformanta and suboloning the recosabi- 
nant plasiaid frosa stich Amy'^ transf orjsants into the cncsen 
host miGrooraanism, 

The host jaicroorganism (which preferably does not 
display amylase activity) can npon acquisition of the said 
recombinant plastaid px-oduce the novel maltogenic aiijylase 
when cultxired oxi an appropriate culture mediujs. The amylase 
is secreted into the growth a^di«m, thus providing a simple 
ensjyme recovery step. 

The present invention also provides a new recombi- 
nant piasmid, pD!*3452^ containing s gene coding for the said 
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anylase v?h ch plasm a prepare*^ bv clo-^v j o'-o«:on«1 
im from BacilXt,s C2>9« w th the t.'-t^i^lxoj «-n7Vjrg> M-^ol 
•teso rttmq Dt<5A-f-acmie sis xn the ^anq^. o-^ ' ~ 12 kb (k loi < 

* A tf re-^^ xf-*--ion enj-jm'- Bar^'', t*.an<- o r-"^o iito 
£ CO" «_ellw(, ide tiffing the sta^.ch sSe «jd>rcj v-^a^^t-^ '-^«nt 
whach hvrfocur p t"-©^ rcntdusipc the ajs * qenc, exit n 

ac:Tsnt exo e&j»x 19 an^la*.© act \xtv \, th plasma pBD64 
which }as bee cut wxtb the re^^trxctioi ef zynu B^-JiUa. . d 
tra sfcis-ing tns reco^ban<snt plasnixd into B. subtil Xb« 

3 aep cts the rcstixctio eneo- «clc<se 
clet " q«> rac tor tl is nD\,&l pl^ nad pDN4^'^ The novel 
^ *3 ^ ^ b b xa plasixd v.hich comprises the ritsclso- 
fap ^ U5 « ^ i.-DG^ ana n*^vr ed at t^ g Emm sxte of 
t-h-' F ^. "^truence Iron Bacxilu C*=?9 coe jjg 1^ 

the sax a ajssy l ase^ 

Acct.t"2nq * o 4. u tJ cr «spec1 t it. o nt 
txor t> o\ o a i t ^ --^ \ p u«v,..txo ^ ' 

J TO':: ^^e arwi 3S treated v i^(r t. 
tra loge iv. cvivic^c v. z\'rp product xn aj aq *-a -s'-c <js 

* « ha th^ thfc t^-^^^j r l*-v.<t,: o ary 

f-r^ n» piv"vct 1^ '■■L i \ <- - i -St ^ o <■ u-?^ of 1 "ifc t 'id 
h 5 ^<=^fX-> hi '- ae'^c<,T«Ut>i- 

b*^v- c ti 1 v« 1 -v >, \ c j^il , , ^ c at 

st^ahxlxtv a d Ttl t u it t i ^ !^ --,r 

Tie ■5.C->^1>H„ LC ! "^^j ^P*? 

? - -> a*- r ^ a 

* ^ -! y V as t- ^iyjTit, 

«^ C - , *inyIopect tn> fo 

^ ^ ^ '-^ ■! of * ^ 1 < 3 1 



fo21ov?ixK! detailed description and^ conseanent ly the siovel 
enKyrci-r? i-;- cliaracteriaea as a maitogenic aaiylase, rather than 
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The novel ensyise jnigrates at SDS-polyacryri<?.?nld 
gs^lelectrcphores-i.s as single band indicating a molecular 
weight of about 7 0,000 Dalton, The isoelectric po.lm. deter- 
mined by thin layer geleXectrof ocxssing is S<S. 

amylase hydrolyzes aiHylopectin., glycogen, and 
amylase, maltose constit«tin9 a substantial part of the 
reaction prodtscts. Glucose is -generated in sxnall a!Rounts 
corresponding to 1 ~ 10% of the isaltose forjtned. 

From branched polysaccharid^ss^ stich amylopectin 
asid glycogen CSS 9 mxyl&SB forms limit totrins, vfhich can be 
hydrolysted hy glycoamylase. 

Sulphydryl reagents, s«ch as paxa-chlor-merttri- 
besaaoate and chelating agent such as EDTA do not have any 
iftflueace on the enzyme activity. 

CS9$ laaltogenic amylase differs froKi the known 
g-am^^lases ±xi the following respects s 

1. It hydrolyaes Schardinger-cycloaextrins quantita- 

tively. Schardinger-g-cyclod«sKtrlB is hydroiysed into inal- 
tcss^a fltjcose in a molar ratio of 3sl, 'whereas ti-cyclo- 
dextrin is hydrolysed into jaaltose gltsco^e in a s^olar 
ratiio of 10? i, ^Enm spectral analysis of ci~cyclo dextrins 
inc^sbatea with the isaltogenlc amyl^ssi 'shows the initial 
formation of 6-maltose as the first main prodnct* 
2* Maltotriose is quantitatively cleaved into equimo- 

l^ctilar amounts of maltose and glncose, 'BNMR sp&ctral ana- 
lysiis of msltotriose incubated vith the maXtogenic amylase 
shows that the hydrolysis prod\ict is a-maltose + glucose. 

3. Xi- is stable in buffer at 10"»C^ an^ 

4. -the Iia\it dextrins of C599 maltogenio amylase do 
not forBs coloured cossplexes with X^-KX-reagens. 

Accordingly the maltogenic amylase according to 
the invention is an exoenayjne which attacks the a-l,4~glyco~ 
sidic bonds the Ksain hydrolysis product being ct~isaltose. 

I'he ability of the xaaltogenic airtylase of the pre- 
sent invention to cleave maltotriose present In the knovi?n 
maltose syrups quantitatively into maltose and glucose 
thereby increasing the inaltose yield is noteworthy as lately 
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th«r« has been an increasing interest in high maltose syrxjps 
contaitsing more than 80% maltose. 



The srdcroorganism capable of producing the salto- 
genie aisylase according to the present invention was select- 
ed by s^eans of its ability to grow on an agar stsbstrate 
prepared as follows s 

Trypton® (10 g), astylopectin (CPC snov^flake 10 g)> 
Becto agar (40 g) , and dsionized water (IDOO ml) are mixed 
aseptically at 55*C with an equivalent amount of a salt 
solution of the following coiTspositioni 

tm^J^S^i^ t 0,04^ by weight 

MgSO^, 7H^0 J 0.1% - ~ 

:kh-,po^ j 0,6% - - 

the pK of the salt solution being adj-usted to 3.0 with 10 13 

sai|3hisric acid. 

Boil san-.pies collected at Krisuvik, an area with 
hot springs on Iceland^ were spread on the abcvs acsr sub- 
strate «tnd incubated at fcS^C. 

After 48 hours the agar surface vas coloured wath 
iodine vapour and a colony.. surrounded by a zone of 

uacoXoured amylopectin vas isolated. 

The Isolatec color.y c;', Ci?-~;^ with unde.t:iyinn agar 
vas incubated over night with starch of. pB 4,5 at 60*C and 
70*^C, A thin layer chroniatography -a^taiaination revealed mal- 
tose as the main product o.f hydrolysis, 

.The isolated sjicroorganism vj-aa deposited with 

the National. Col3ect:ion of 3 ncnustr.:- al. Bacteria, Torry 
Research Station, Abarceen, Scot ,1 ana, on 3 5th Search 1983 and 
accorded the reference nnmoer NCIB 1183?, 

Ta.xonomy 

The recently discovered jrdcroorganisK; accordincj to 
the present invention is an aerobic rod shaped and spore 
foordng hacteriam. Conseqtient ly , it belongs to the gentjs 
Bacillus . 
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On agar stsbsl: rs y;]\e-re the s:por-alation ;ts poor 
the culfcure autolyses .;aroicly casd dies. Therefore, at ha© 
beers ijiipossiblr:: to carry ou;, taKoriorai.c progxaji-.fiie Bormai- 

ly ■used for classiX ication of BactH^^^^ species, 

Ho-voever, the nscrphclogy end the temperature for 
caoiv-th which lies between SO and 70'*C indicates thai: the new 
tTiicroorganisra belongs to t.h« Bscilius s t<sarotheraiophi 1 ^) s 
complex . 



Morphology 

Tbe spot^-2K are oval ^ about 1 x l-S {i and ar«: 
terminally to subterxjunally placed. 

The sporarsgia are strongly svfollen and look like 
rackets or dr umstioks . 

Determirsation of Eny-y^e Acti^^^t-y 

One maltogenic axsylase unit. CU) is defiBed as the 
amouut of eris-yrue which -under standard conditioa;-5 1 ?; Cifipora- 
t.\3re eO'^C, pH 5.5, and reaction tixsie 30 nuj^j^sr.os) prod(>ces 
reducing sxsgar corresponding to .1 pmoJ n;a;;tnsu? par i?>L'5Ute. 

A 0.5% sorable starch {suppiioc by MexcX) 1x5 0,1 H 
acetate buffer or 0.05 M phosphate buffer (pi-l 5) ir> incu- 
bated with 1 laX of the enzyrae dissolved In deionis;ed water 
contain Insg -6 vX - Q.2 V per jnl , The reaction is stopped after 
30 minntves by addition of A ml O.'i 14 NaOHv 

. The content of reducirsg sxsgar is then determined 
Tcjeans of the SoKsogyi isethod (SoTsogyii J.Biol .Chem. , 193, 
p. .365 (ISSD). 

An alternative way of dete^riaining the en^yrae acti- 
vity is basesa vspon the capability of the maltogenic aft;yiase 
to -cfuantitatively cleave maltotriose into eqiaiaiolar amounts 
of maltose and glucose* 

One maltogenic. ajaylase. HOVO unit (M^-HO) Is defined 
as tbe amount of eusiyise which isnder standard conditions 
cleaves 1 |.;.t£-oX maltoiir iose per minute. Tbe enzyxm reaction 
is stopped by shifting pH to &ho\xt 11, The glucose fo.5:^e<3 is 
by Hseans of glucose dehydrogenase {Merck, GlucDH) converted 
into gl;SConol acton under forr$iation of ^I^BE, The ar-xount of 
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NADH fors\)ea Is jaeasured by colorixsetric <5«tewE\i. nation at 340 

Standard conditionst Teraperafure 3?*C t 0,05*C 
pH 5.0 

i> e.l M citrate buffer> pB S.O 

9 citric acid iC^H^O^, KjO) is dissolved in 
about 200 mX aemineralized water and pH is adjusted to 5.0 
with 4.0/lvO J9 NaOH. Demineralixed water Is added up to 250 
ml and pH is coBtrolled. The buffer solution may be stored 
for one week in the refrigerator (pH must be cbacked before 
5jse) but is preferably prepared aaeh test day . 

2, M altot riose substrate 20 mg/ml 

To SOO UOOO) mq maltotriose (Sigiaa M 8378) is 
added citrate buffer (reagent 1) tip to 25 (SO) ssi. To be 
prepared each test day. 

3 . GIucDH reagent 

Eri2;y?«e mixtxsre^ Merck no, flask "i" and *'2'S 

is filled tip witb buffer sol-ation, Merck Ho. 14 Col. After 15 
Ksin. standing the flas1« contents are transfer red to a 500 ml 
^easurii'59 flask containing abotst 200 ml buffer (Merck No. 
14 051) and add.1t.vonal buffer is added up to SOG tal. Stable 
14 days in refrigerator. 

Sto^ea<gent 

0^06 l?aOH, 

G 1 ucos e St n da r d Curve: 

1.6 g clncose Ik dissolved in 1000 ^.1 deiidne- 
raliJied water and aliquot^ o£ 1>0, 7.0, 6.0 and 10.0 .'sI 

are dilated with demi neraliaed water ^jp to 100 ssi. The 
obtained five standard solutions have a glucose concentra- 
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tioa of 88,8, 177.4, 3S5,2^ S32«9 «nd BS8«i paol /liter 

I'he ^Itscose staB«aax^a e«r%^e 1^ ffiasSe by inixipg 2,0 
ml 9f tise aibsTe gln&qm stan^ar^ solxsti<&ns with 3*0 ml 
GltiCSS reagent iftcssfeating fox 38 siisa, at ambl^ut 
teinperafcuE^ wfeereaft&r 00^^ ^ is measured, felsnK a gassisXe 
W%th demlBer^iiisea water insteael of gltseose is used. 

Tbe test sstniplss ar« ?iilut<sa with demiiieralizea 
water SEo that; the epd diltitiosi is within tke InteOTl 
oo^fered hy the st«n<3ard carve* 



To 500 ^1 en^'vne ir?eher.ted to 3J'>C) v?a^ adsr^ SCO 
pi maitotrjiose rufostrate (prch<=>a*ed r,n ^1 the .luxiurc 

was ©fte- careful m^^inq pi area on a vatur bath 
After 30 fdn icaction tiai^ the te:5t tuhe was e.Tov d ffcT 
the water hath ^nd 1000 m"^ ^top reage *t vas added, 3,0 
<5I-ucI>H reancnt v<i^ i >-<-r <0 d and OD^^^ was isieasurea after 
30 mm &tai,da,iQ «.t. anbae'^i t-cinperal , 

a r: o^ricb.* substrate was u&ea. The ,^„Itotr5 0se 

^ui *r^t6 w®.^ not added utitU immeaiat^Jy after the st,op 

Er J z yme ep a r a r. i on 

l-Jr-LJ-' ^ <:<-ipab2© of prodnc ^ y to > i i 

v->-it-<'~ <^ =^-0 - is5^r =s-50 c's €. pH oi 6.5 d> d pi 
it^tol-^ Vi-^j.' ^ c^i^ !--^t -^l^ r«'Ljtd'»t by aia^ossatic sf(<^ans« The 
eazyme is excreted into tiie mediuni. 
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The ensuing fermentation broth may be freed of 
bacterial cells, <iebris therefrom together with other 
solids, for eK ample by filtration. The supernatant contain- 
ing the ensynse may foe further ciesrdfied, for exau^ple by 
filtration or centrifugation, and then coricentratesa as 
required, for example by ultrafiltration or in an evaporator 
tirsder reduced pressure to give a concentrate which, if de- 
sired;, may be taken to dryness, for example by lyophiliaa- 
tion or spray-dryiBg. Typically, the resulting crude enzyme 
product exhibits an activity in the range of aboxjt SOO ~ 
25, SOD B per graxu, 

Purifioa tioB of Enzyme 

1*11© Tssaltogenic amy i ase of the present invention 
can be purified fr<:^ a batch ferjjsentation culture broth as 
foilowsi 

2 50 litres of culture broth with an enzfm& aotivi- 
ty of 4 B per ml is filtered and the filtrate is ultrafil- 
tered, germ filtered, and fresze-dried, 193 g of free;2e-~ 
dried po%^der are obtained having an activity of 24 00 E per g 
corresponding to 47% of the original activity. 

The powder is dissolved in 15 laM acetate btjffer, 
pH Svp ana dialysed against 15 mU acetate buffer pH 5,0 
until the conductivity is about 1 saS. The aialy^ate is then 
applied to a .cation exchanger C53-~sepharose C1~6S which has 
been equilibrated with the same buffer. The amylase passes 
through the column whereas 60% of the remaining proteins is 
withheld by the ion-exchanger. 

The pB of the effluent from this colujtsn is adjust- 
ed to -^,0 %^ith acetic acid and the eluate is subsequently 
applied to a CM-sepbarose C1-6B colusjn equilibrated with IS 
Js-M acetate buffer pH 4,0. Under these circumstances the 
a3)^ylase is adsorbed by the ion-exchanger. The enzyme is then 
eluated vith acetate buffer of pH 4>0 with increasing ionic 
strength. The en^ysse activity in the eluate follows the 
protein content in a sy^netrical peak. The peak material 
shows a single sharp protein band by SDS-polyacrylamid gel 
electrophoresis. The MW is about ?0,000 Daiton, px Is 8,5 as 



13 



01206SS 



determinea by iso-electric focusing, The specific activity 
is 325HAmJ/5ng protein of the crystalliKedir redissolve<§ and 

im \u \o J _j.ca: Pxcpertigs 

Mo io&pecxf ic antxser'j v»<js scene > atev- ^ t .5 ^ m 

2 bits wall- purxficd tsa'rc je-.^c ar/ r a o 

method described by M,E. hy:e<i^3t .51., '\ yonu ^ of Qxja. ta.~ 
tative IsffsKtwoclectrophoii-S's (0< 1^7^' -^h ---^e z"^. 

Crossed iJnmurocioct ror'-K r i> ' ^ v.o -nnq t<-^ * < 
Gajce authors of crtidc ^5^9 amy.^s^ aaca th^s Fera^^ g.-ve r 
&x cle pea. of is?5iRii\opxeci itate confiriaxm t. e monobpe^i- 
f icity of the ai>tisertsm. 

Enzyme Ch@mgal_F r oper'ca, e s 

Thr oer« c*enca c i ^ <. y of t:be jna'' o-eric 

anylP' c of . ^^^-^ i^^' < -^^< ^ h x<^ti.^« i'e^-e-- 

rr:i.nf^a by rbr rs^fsc ^ <^ v > r^. ^ * ."vre 

3n vhxch pi) -id. ^-h j . .vc r k c * < o 5 ^ nca 
valttes; . 

p-e. art i 1 '^■> <, * i v^c j*. tivix;! 

Ft- calH ,1 u „ c-t ^ H -t,X ' '•^ 

J, lot tea < I f aon^^ tl^C, - r—'-^tc -o^ul- ^ .cl , 

„ C h S J u i5W ^" '-^ of h'l r 5 

50% of t,hv J5U u^^^v^'-^ ^ -^^ 1 o^-nc „^ BC i 

ot ""<" <X ^. !K h-^ los^ \ t^ o ii< 

stuxed 5>-.^i!:h 0,1 H acetate bijfier {3.50 mojml) of pK 5.S ai a 
te;nper-3tuie oi 50''C, OO^C, and 70'-C, respectively. Th<- resi- 
dual air^ylase ac;tivity was tfetenfiined by the r-iethod d'sscribea 
above. The resuilts are presented in tho fo3.1o^>?inQ table: 
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After 60 m«\3t.es «t TO^C 75% of the enzyme activi- 
ty is retained, T^one of the known g-amylases exhibits Bucb a 
good thermos tabi 1 it.y . 

The infUierice of a variety of agents on the acti- 
vity of tije isialtogenic «raylase of the present InveBtioB is 
sboviTi in the follo%ving Table II . 



Table II 
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Inhibition of „C5$9-aniylasg. 

XnhiMt03fS Residual activity after 60 

lain, at room temperature, I 



Sons 


100 


Fcmt iviiU 






104 






dex!:r.1n, 1% 


109 


Schar ci nger - g ~cyclo~ 






107 


part I'oM' 


85 




?3 




95 




. 94 




95 




93 




Si 


lOmH. 


44 




96 




74 




1& 




52 


Had XmM 


98 


lOstiM 


S6 


CtjClj iii5l>5 






1 




Si 




13 




96 




m 


A1C.U IraM 


n 




m 


HgCl^ O.lraH 


3 


itm 


0 
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Ions of heavy jnetals as Eg'*'*' and Ca"*"* inhibit ths? 
activity of CS99 asnylase, whereas neither PCMBj, EDTA or 
Schardinaer-cyciodextr i ns have any eflect on the activity. 

Cloning oi' the MiJ tc-;geni c Amylase GerKe from Sacialus CS99- 
Aiv described in further detaiX foe.lov;, the malto- 
genic aniyiase «e.ne can bs cloned arid expressed in f>i?i>;^ i 
lis in the foi lowing wayt 

Chroraoso-nal DNA from C5S9 is partially degraded 
^•ith resrLr fiction enxyn-e Kbol {Biolafos cat. No. 147). Frsg- 
siicnts in the range of, 4 - 12 kfo are iaoli-ited and Xigated 
(vcjl.h DNA ligase (Biolabs Cat. ^x'o. 202)) with £. coli plas- 
raid. p.".cycl84 (Chang ef: al . , , Bactieriol, 134 1 1141 ~ 56, 

which has been cut with restriction enzymB B^mBl 
i B ioi ab s C a t > N o . 136), 

Plas^nid p;-iCVCI;>4 confers resistance to both tetra- 
cyclin and chlora.n;p>)enicol and conta.lns a single restriction 
site for the restriction en^^isie Bajnlll. "insertion of OKA in 
the BantHl site destroys the capacity to confer resistance to 
tetracyclin but not to chlorasripheniccl. 

The ligation mixtusc is txansiossnea into co^Tipetent 
£. ooli ceils. The transformed cells are plated on an apj>ro~ 
priate select Ivf.. jTiediuK^ casnta-; ;>\n9 .soluble starch ar.d chXor*- 
ajtsphenicol . Cnloxajnphcn ^.c,^ . ^ ~ \~~-«:!L ■'.ran-rf -^irriiant.s h^-rboxir~ 
ing a cloned trag.Tten-- in the Ba;nHl site are identifiuid as 
being tetracyclin sensitive. Among those, transf oraants 
exhibiting anty lase activity ^re identified by the pale halo 
appealing axound the colonies \3pon expostix-e of the starch 
containing agar to iodine vaposir. One such transforntant 
harbours a first ireeoitsbiiiant plasmid oostaining a gene 
coding for the novel sRaltogenic aisyXase, 

For. -S-abcOLotting into 8:.» Sttfotilis plasaid pBD$4 (a 
derivative of Staphylococctts ,^.5D?.H.^ piasruid pUBllO iCtycz>:m 
et ai., a. Bactersois 143 j 24 6 • isao)) is used, pBD64 
is capable of replicating in B, subtxli^ and confers resis- 
tance to kanai^ycin and chlorajrsphenicol . 

pBD64 is c.leax?ed ^■^ith BasKHl arsd llgated %?ith the 
above prepared firfvt recombinant plasmid partially cleaved 
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vith Sau3Al CBioiabs Cat, t«o, This s-ubcloxilr-g is pra- 

£®r&fo3.y carried out toy is^eans of the so-called rescue 
technlq'ae (Grycz&n et al , , Hoi, Gen. Genet . 177: 4b9 - 67* 
1980} asing v=in v=i.?ny 1 ase-neg-sti ve B, strain hsrbo-ur- 

1^9 p3.asi!5id pUBilO, a plasnsid iron; S t aphy 3 ococ^-u;; &ureu S 
which can be traasforined into B. subtil is. 

Transformed cells of the pUBllO harbouring 8. 
subtljJ^ strain are then plai:ea on an appropriate selective 
medium, aovitainixiq soluble starch and chloraji^phenlcol , An 
Anty"^ tranisTori^ant hisrbouring a seccnd reco^^binant piasmid is 
identified as above and piasmid fi-csTi this transf ors^^nt is 
isolated and rransf orri-ed into an artiy lass -negative Bacillgs 

"'^''--j -^^-h does 3ict harbour pUBlIO. These- tranK:for?=!ed 
cells are then plated on an appropriate selective ni=.:diiim and 
May^ trans f or man ts harbouring the above secoxid recombinant 
plaswia -are identified. 

The following ex^auples are presented as illustra- 
tive estsbodir-sents of this invention and are not inte«aed as 
specific limitations thereof « 



grepara t ion of maltogenic amylas e frc^ Bacillus strmn CSiSr 
deposit nuiTtber j^ClB 1X837 

The C599 culture was grown at 60* C for 1 ~ 2 days 
on the foilo%flng agar? 

Bacto dextrose 2 g 

Bacto agar M g 

IScjfeo»ia saiphate O.S f 

■IPrace metals * salts as 
in Bacto Carbon Base <Difco Hanaal) 
Wstesr 1000 ml 



mzmm 



h freeze-dried a^ilture froia the sfeove growth aedi- 
m propagated in 560 mi baf f i&d sfeak« f lasks irj 100 mi 



Bacto fcryptpn 10 g 

Potassium hydrj^gen phosphate; 3 ^ 
mtmx 10(^0 ml 



Incubation %fas perfariaed for 1 ~ 2 dafs at 50 



a) Batch yferm^fentatlbn 

500 ml shake flasks v<ser« chargeS mtb 100 mi ot a 
stsfostra'te bav^ing the following cc^posxtipftj 



i?I~cass (Sheffield} 10 g 

Yeast extract (Sactol S g 

fota^^lium hydrogen phosphate 3 g 
Maltodektrin 10 g 

Water IQQO ml 



ahalte flaslss s?ere s^oeislated wAtb 1 - 5 tnl of 
the above ieOGtilum. Incisfoation v?as perforieed at $Q'>Q fof 2 ~ 

The resulting fermentation brotb contained abcat 

Id - ao 0 per ifti , 

Upsca.llr.g fro.T .rhake flsssks t.o 5^*0 liter s;teel 
fera^entator c&n be conducted In a stepwise fashiors fay 
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3 5 i» each step, 

in S50 liter s^al« the jrieia was also«t S !3 per ml. 



fol Contipucms Fermentation 

Gontissxjous fermentation was carried oist with » 
a»d SMP stJb^trat^s having the following CQmposicioas 

^BF^stsbstratej TryptQji {Baeto) 30 g 

«to^x«n (MCOSL) 20 g 

Potassium %<feog^a phosphate 3 g 

Water 1000 ml 



tone CDifsJo) ao g 

p^ltoa^xtrin XO g 

Botassitaa hydrogen pbospfeate: 3 9 
Fjturoriic: O.S f 

Water 1090 ml 



The fersmentation was; carried out in an Eschweiier 
f^rm^ntor, type S 10 with 1 liter working volume. 

The teimentcstion was j?tarted up wJch ICO ^al c t h-- 
above inccultm and the substrata dosage was started aft^r 24 
feo«r0 at SS** e. 

The was adjasted to 6,5 with 3% stilph«ric aoxd 
and the temperatwre was Jtapt at SS«e, 
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Aerating i i liter/liter substrate/ifiinute 
Stlx'ringi iODD rpm 
Dilution rate: D « 0.05 hr 

Under the above mentiorted conditions the activity 
yield was SO ~ 75 U per ird on TM? and 40 - 50 0 per ml on 

Cloning of the mal tog^nic amylase gene from B.s ubtilis 
A . Ml croorganisTas a nd pla&mids 

^■^■^ Bacillus sv/ot.lMs suramins were derlva-.: j.ves of 

subtilis 168 {Spi^i^en, Proc Natl. Acad. Sci . 44; 1072 - 78, 

IBSS) , 

sai:.-A32I artsy., jy a Ket/^" transf ormant of QB1I33 
(Steinmet2 et al,, Hoi, Gen. Gerset MB: 261 ~ 85, 1S?6) and 
has been deposited with the NCIB onl.^.BU ^^inc accorded the 
reference number 11957. is DN3G4 pUBlXO euid DK3i.^ is 

pB»64. Piasssids pUBlIO and pnDfc4 (Grycj:an et al.» 3, 
Bacteriol. 134 1 318 ~ 329 1978, ana Gryczan et a 1 , , .:k 
Bacteriol* I41t 24 6 - S3, 1980) were isolated ixoyi< B. 
subtil is strains BD366 and respectively, pt}B.llD ana 

phXiM both confer resistance to k^naisycin and pBi)6^ also to 
chloramphenicol, subtil is strains 168^ QBil33r BD366 and 
BD624 can be obtained from the Bacillus Genetic Stock 
Center, Columbus, Ohio, tJSA {strain file nuMser BGSC Ihl, 

1E6 and respectively). 
^■^•■^ HS£!^Ll£i?.l!!: £2£i strains were derivatives, or E. cell K- 
1^ ^^^^ ESl ^* S£l {Wood, J, Hoi. Biol, I6j 

118 - 33 1966) ai>d coU KClOOOt£li {ara-leu) 7637 ara D 135 
^Isc X 74 gal K gal IT str A CCasadaban et al., J.Mol.Biol, 
138:179-207, 19S0) harbouring piasmid pACyci84 CChang et 

^.Bacterioi. 134tli41 - 56 1S?8| have both been 
deposited (MCIB J3GJ1958and HCIB No,'?195^ ) on 7tii Mfxrch ^$&k. 



^ - Transf orma t i. on of coli 
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An overnight culture oi coli K~12 strain l?o. 802 in LB 
CIO g Bacto tryptone, S 9 Bacto y«a«t extrsct and 10 9 NsCl 
per lit^r water, pH 7.03 was aiiuted 100 fold in 500 ml LB 
ana grown at 37*'C to OD^^^ 0.4. The culture was chilled, 
left 15 rain, on ice sp«n tor 15 min. at 3000 rpjs (in a 
Sorvall GS3 rotor) ^ res^spended in 200 ml cold 0.1 J! CaCl^, 
left on ic« for 20 s?iu. spun for iO isin; at .3000 rpzn, resus- 
pended in S lul cold 0,1 i^S CaCl^, and left on ice for 20 
ho«rs- Cold glycerol was then added to 10% and aiiquotes 
were frozen in iiqaia nitrogen and stored at "70*Cv Frozen 
ceils were thawn on ice^ DKA was added, the .mixture incafoat- 
ed 45 min. on ice, 2 min, at 37 »C and then plated ob an 
appropriate selective i«ediamv 

^ * Transformation o^ ^^ Bacillus gubtilis 

Ccsapetent Bacillus' subtil is cells were prepai-ed according to 
yasbin et al. {J. Bactexiol. 121: 296 - 3G4, 1975). Cells 
were then harvested by centrifuge;! 5 o 1 (?C*00 rpm, 3 .min,), 
resuspended in one tenth volus^e of suporr.a-. i^nt ind'adang 20% 
glycerol, frozen in liquid nitrc-ocr. and stored au. -~?t'"C. For 
transformation^ frozen cells were cl^ewed ?;t and Pc;<s?d 

vith oxie volu:ne buff*»r { 5 listen ' s £;dru!-i:ul j^-e-MutP { ^'^p^-ziL.-oi;, 
Prc»c. Katl, Acad, Sci . USA 44ilQ72 - 78, 19~5S:! -.NVi : h 0 , -rj. 
gluco&e, 0.04 M r-igCl., and 0.002 M EGTA) . DRA was added and 
the snixture incubated with shaklncj at 37'-C for 20 lain. Cells 
were t.hen plstsd on appi opi i a c seTiec'. Ive media. 



F co^> K~ C u-^n ^^'0C^! ha ^ 5 ^ |^ vas 

r-o«s a «>t 5 231 Jl L-.., 0 4 y o , o„ 1 > ^ i . hlor- 

0,15"* M xD.h, 0 Oj n ^x^^co^e, 7 vn^/•ml iy30zy]fn<^) "h i. v.- 
oesisron wsj> incubated at 0*C for 1:> .nxn, ^snd then Tf^ed with 
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,8 mi Buffer 2 {0.2 M ?4aOH, 1% SDS) , Thov; 6 nl Buffer 3 OK 
^aAcetate, pH ^ 4.8} was added, the mixture kept cit 0*^C for 
60 min, followed by c^5nt:rifugation fox 20 jr.ln, s^t 19000 tv.-.^, 
(ca, 9 m SorvalJ SS34 rotor). ?h£> s^spornas.ant w-s 

p,f ccipitatec -^ith 0,6 vol oold ir.opror.a;,c 1 ond ^ *;s-osp^ ndeo 
jn 1.2 na 5TB (0-05 Tris'HC.1, pH B,0, 0,0C:> M Kl^fA) , 
plu? :'0 boo:.:ed RNaL^e A ( Boc:hr inqer ) ^ :> -rig/rf.: ! , 3C nin, 
later th<== solut; .lor. was l&yereci on top of 4.C Baif-L^r 4 
9 CsCi plus 56 ml 5T£) and 0.1 mi EtBr (ethidiaD broir=^d.=-) i 
a VTi65 tube. The rnixture was centrifugod at 4SO0C- x prs for 
20 b. The plasmid was then remowd froin the tube^ dds2ys;«!d 
ana extracted as d« scribed in section G. 

B. Preparation of plasmid pB»64 from Ba cillus subtil is 

mm ^ 



Plasmid wasi prepared as descrice;: fcr E.^cjoll etrair.s Lr-oe 
section D) but with the follc.vis.j nod-, f = c-.^tlons. Growth va, 
in LB incl«aing 0,01 M potassau.r pnor.pl.ul.- , pH 7.0 and 6 
m/ml chlorainphenicoi. After harvej^t , cells w^xo aocubatod 
at 37*C with lysosyjne, Buffex 2 was repTiaced by a ndxture o. 
one volume Buffer 2 and three volu,^ies Bijffer 5 (0.2 k 
glycine, 0,2 n J^&Cl and 1% SDS) « The foilowinc steps were 
the same as iti D. 



PlasRdd froni S ml B, subtilis in LB (including 0,01 M phos - 
phate pH « 7,0 and approprisit® antibiotics) vas prep^^Lexx as 
in section E excepts 1; voltames of buffers were reducod four 
fold- 2x 0,5 JSil phenol and 0,5 »1 chSoroforjn ,:jro addod aster 
Btiffer 3. 3i After centrifugation at 19000 rpra, U:& supern-s 
tant was precipitated with ethanol, resx^spended in ^00 |.a 
B«ffer 6 <0,05 M -^rxB^UCl pH « 8,0, 0.1 M l^aAcetate) , the 
plasmid was again precipitated, restssperaded in 4 DO ^3 Buffe 
6, precipitated, w^sshed and res^spauded in 100 ^il T£ -with 2 
|i<i/xsl boiled HHase a (Boehringer K 
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G» Preparation of chroiaoggsaal mm trou Bacillus C59. . 

A pellet of frozen c«lis frcm< about 0 nl cui?.n{ 

pciided i. 3.1 ml Buffer M Tris*HCl, pH - 7. , f ^ ^ 

KaCI, ?5% sucrobe)x 100 jil ly^osyme (25 n\g/jnl) ^bu 

BDT? fOx"" ^\ pB ' B.O) -<?ere adaed. The jr.xxtux:.' w inr Iv 1 cJ 

at 3?"C lor "^0 r.n. s>l 0.2% ^ DS w«i«: aaui_a fo'sirwe^ 

CIO xtic/m^) -^ez-^ aced pei 5 «I .rx>ta-ir the ita't^^^, 

was centirafyged at 45000 rpni, 15«C, 3"o£ 2C hours xn a ¥Ti65 
rotor CBeckma») , 

The D'^f^ wa«=^ 2v rated -ujder a lot c, v^^vc IV ^STp anc c < . t>y 

1FS io>ri 1 ■'^^c% r 0, c n ,v ? i: sn:v~io.-x 

's^a-^ t asu' u ? t ' ^ b > v ctcd twiv-"?- W3th 

phenol a-n o? ..c ^ ^ ch <.>-,i^x- ^'U- '^\-^ ^ p-ec.tatatca 
with 0,1 *A "Ha-C ^ nc cold eti d xo's a^^" a- '-<^>olv<=-r i 1 il 
CO. 01 M Trss^HCi, pH - 8,0, O.OOX M. BOTA) . The jaolution of 
ciirosiosoTsaX mh ichr BHA) was kept at 4^C. 



H. Partial cutting aud fractionation of chr DHA froji 
BaciiXlws €5^9 . . 



60 chr Dt-5A from C599 {see section G) was cut in ;?0G ^1 
buffer; (0,01 M Tris'HCl. pH - 7.<1 , 0.075 M ^UiCI, 0.01 K 
MgCl.,, 0.006 M mercaptoethanoi , 100 Mg/^^^-S- gelatine) with 10 
units moX (Biolabs Cat, No. 14?) at 37^^ Aiiter 10 Jidn. 
an<3 '10 SiiirK, 450 samples vore extracted with ph'snol, 
pxrecipltated with 0,1 K NaCl and cold ethanol. Each sa^stple 
was dissolved jn 100 \a1 TEE. 100 s-jI DNA ^v^-as loaded pf^-r 12 ml 
sucrose gradient (Kaniatis T. et al*. Cell 15; 6B7 ~ 701, 
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197SI and centrifuged st 27000 rpm for 22 hours at 20^H: in 
SW41 rotor CBeckman). 

0. 5 lid tractions vere tapped after pun^txisring the bottor;! of 
the tube and precipitated with co3d etbanol . The Dh-A was 
dissolved 50 ^1 TE ana the size of. the DN.". in each 
frachion er>t .i.^ated on a 0.7% agarose nel stssined v;ith 0,5 
pa/ml EtEr, Fractions cont.ainirKj ircm about 4 - 12 kb 
were pooled, phenol extracted, ethanol precipitated and 
dissolves^ Iti TE, 

1, IsoXatiorii of re!C<mbi.n&nt plasmid containing an jas^^ifS^ 
g ege, 



4 15 pArvC3o4 (s o i^ertiori D) <^ , if. ^ hi 

IBioIabi. Cdt No, nf> o^ i houj 0 m ^? ' loj 

<D,00g y Tris'IXl, pH « iS,Q, ^^ N<ai:, L OJo ^' M'-jCK, 

0.006 M isercaptuethaisoi, iOO|ig/jtii gelati a), Tnc 
v,a& trusted vith calf xntestxne alkalxm p'^osph.-L i^e UMun^ 
F 4502 );f (GcodrRan et Methods in Enzyiso:: oQy , eS: - 

2979: » 0.4 }ug BasiHi and phosphatase, treated pAC¥Ci&4 
was then ligated vith ca. 1 lig Cb99 chr vm. frtsm sxjcxose 
cjradients. wxth about lOD U DMA Ugase iSiolafos Cat, No, 202) 
for 4 hours, 16*C m 100 ^.C rtxiifcr {0.066 ^: TiXi>"''~CI, pH ~ 
7.5, O,0X M MgCi^ S5 pg/ai gwlatine, 0*002 M ^^Ir, 0«C1 i** 
DT!r) . The li9ated DNA was trcsnsfoxis^d into cc^petent cola 
strain No. S02 as aeserxfeea xn seetlon B. 

Tfae cells were plated oi^ £x«5,L„y i our^d ^qar 
p:ates consxstsng of t^*o layers s At the bottom^, 10 al LB 
agar t^ith 0.5% soluble sl.rch a? d 60 |ig/m} ch^oraTiphs^nicol. 
At the top 25 --si o-^ the sat'e aqa but without cl-^^rt ^ ^< r ^ - 
col. hfxex xncubatson ov<:,rni9hl at 37**C, abour 2?yO cj i^r:- 
asisphenxcol re&xstant Itaiu'-f ormants ajj eared. Approx. 600 of 
the. e wste t&.irac>clxne sensitive indicating that the plas- 
mid of the«s ti an&fo£mantfc harboured a cloned fragjnent in 
the Bai^Hl s te, teong those 600 colon-o^^*-- ( re*pr«*«-eni ng a 
v^ene bank ox CS^?^) OTie jstia^n, -jan^'r' nN400, f=*xhxoxted 
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.-siTjylsse sct-iv^ity as indicate»3 by the pale halo appearing 
around this colony upon expossure of the starcli containing 
^gar to ^'apour of iodine. Strain DH4 00 was shown to harbour 
a plastnid, named pDN400,. of apprcx. 1400D basepairs includ- 
ing the ajisyiase coding gene* 

J> S^ibe loning of pDN4 00 in Baci ^ns gubt^^^ 

Khont. 1. iiq of pDN4 00 (constructed as described in 
section I and pr eparea fros coli . strain DH400 as desr. 
crifoed for pACYCl84 in section D) was cut at 3?«C in 100 ^1 
buffer (0,006 M Tris'SCl. pH« 7.5, O.OS H HaCi, 0.005 M 
magsiesitns chloride, 100 pg/sii gelatine) with 0.06 13 Sa«3Al 
(Biolabs cat« Ho. 169). 25 iil aliquotes were- transferred to 
phenol after 10, 20, 30 and 40 xain and were phenolextr acted 
and precipipated with 0.1 H fJaCi and cold etharsol. Half of 
the DNA was ligated (see section H) with 0.4 plasmid 
pBi364 (see section E) , which bad been, cut with BaJtsHl i&s 
deserifoed for pM:YClS4 iis section I). 

^ Bac i 1 lue snht ill s strain jtajaed m314 was tjten 
transfcr-med (see section C) with the ligation mi^ttjre and 
plated on LB agar plates containing 0,01 M potassiuEs phos- 
phate pH~ 7.0, soitshle starch and 6ug/ial chlorampha- 

nicol* toong ca* 6000 transformants one Asjy"^ (starch- 
degrading as tested with iodii^e) was identified. 

Flasaid froa this strain was isolatea (as 
described in section F) and transformed into a Bacillus 
subtil is strain^ named Bi3304, <as described in section C) . 
One Amy*^ transforisant strain, named DS?4 63 , harboiaring 
plasmia pi>N4S2 was isolated, As described in the following 
Exaiaple 5 cultivating of DM4 63 provided improved yields of 
the novel thermostable amylase product according tc the 
present invention. 
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l^se from Bacillus subtilis strain PH463 



A culture of the above cloned isicroorganisRi 
was Inoculated in 500 ml shake flasks on 100 inl of the fol~ 



5|ig/ml chloramphenicol was added to the above stsbstrate 
bfefor^ th® inoculation. 



The cuiture toroth was centrxfugated: for 20 min at 
6000 g. The centrifugate containing about 200 U/ial was used 
directly in tke following eKasiple. 

$ui>s;trat©s for saccharlf icston. vfere prepared % 
redissolving a 7DB sprasf-aried maltodsKtrin an deionized 
water anS making lap to approssiasately 30% DxS. T)?e sacehari- 
ficatioa, experisfi^nts were carsried <3«t in stati«3ard 500 ml 
^l^fecratory batch -freactors, ^liquotf d$ this sijb^trates were 
heated to €0«C and the pH a^jasted to 5.S sJid SO aisylase 
\jfiit^/g were tken added, After 12 houts at 60^C tl^e 

pesKtent of 9l\scpse^ jaaltos?^ maltqtJ^^^ g^ryp -s^as 

as foliovs* 



Liquefied starch 

Soy me. a I 



12,5% w/v (tap water) 
7,3% 
1 % 



Incnbation was performed at 30*C for 3-4 days. 



jaaltotrioset 0% 



Saccharlfication with 7.5 s-amylase unit/g D,S. Bioxym MIX 
(soy bean g-aityiase^ 20,000 e-aniyiase/g) und-sr the saiae 
conditions gives a syrup containing 0,3% glucose, 61% 
maltose and 7% maitdtriosSv 

The reatures disclosed Isi tlxe forsg-olng description, 
ixi tbe foil owing claitjjs and/or in the accosspanyin^ 
drawings Kia;^, both separately and in sarsy combliiation. 
thereof s he saaterlaX #or realising ti»e in-ventioss. in 
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cultivation in a j.uit*bie n ^.i ^nt ^cqxut. racilli.e ' 
strain MB 1183?. 



2, The jsaltoc-n^ 



3n9 to Claim 1 xn solid torj. exhtb.t:::ng an un>la.^„> activity 
in the rajge o' from 500 to ::5,00& D per grars. 

aiaylase en^^ire accordx to claim 1, . , strain 
HCXB 11837 or a variaiit or mutant t. ^ -aac-^'^'of thi« 

cojjtaining carbon and mtto^en sources and inorganic .aits. 

4, & process accord3n^^ to ciaa.as 3 ^.Icrein iht 
sjalt.genic attjy2a&o «n?yise xs recovered from the c I-x ^ , 

5, A process for preparing a a.aHu^ n a ^ la e 
en^ymu prod^ict dccor^xn^ to Claim 1, vbeiei^ a txan^ o ^ = ' 
host mic2oor«ianiBa containing the gene codu g for t-e 'i - - 
9ensc airylase produced by Bacillus .trai nClB lio^ 
cultivated in a suitable , utrient mcdaijm conta. . 5 .a ..on 
ana nUioqen sources and xnorgsnic salts. 

6, A aeoordmg to claims ^ vherpin th?> 
moitocenac amylase ensy m is recovered froja tho calu-*- 
broth* 

?. A process s accot^mg tc Oa^m b wherexn the 
host Tacr.nrga^i-ffi i-eloKQ^ t. tbe Baoxllu^ group. 
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8. isrocess accoraiBg to Claim 7 wherain tlie 
host microorganism is a Bacillu s gj^M^^-^^ • 

9. h process according to Claixa 7 wherein the 
host organism is Bacillu s sabtilis strain 168 or sjutants or 

10. A process according to Ciaists 5 v<?herein the 
donor fsicroorganism is Baci llus strain HCIB 11837, 

11. A process for prodncins a reco?^birsant plaj^mid 
containino. the gene coding fo,r tbe jnaltogcr.ic ar.>> l..s<r 
according to Ciairti I acm^xiBins cui:ting chrojaosoraa ! DNA froru 
a donor raicroorganisri. productive cf said -rtiylase v/ith an 
appropriate restrictior; eri?y.T>e to obtain a linear DNA~ 
scquer.ce containing the aiuylase coding gene, cutting a suit- 
able vector with an appropriate restriction ens-yme to obtain 
a Kecoad linear W.- seq^^chce and licating the linear Om- 
segtiexices to obtain a recossbinant plasisid containing the 
amylase; gesie* ■'- 

12 . i process according to Claxja 11, wherein the 
donor xnicroorganiSH is Bacmus strain KCIB 11837, 

13. "A proce&s according to Claim li» whereiJi the 
vector is a B. coli glasmd^ 

II , ^ process asscordiag to Claim 13 » if«herei« the 
cell plasmia is pACYCI84* 

15, A process according to Claitn 11 farther 
coKpxis->.in9 lication. of the xnaltogenic amylase gene froja the 
said recoisbinant piasmid with a piasmid able to replicate in 
a Bacillt3is s^abtilis host. 



16 o A process according i:o ClaiBi 15 therein the 
paa-sri-id ermbling replication in Bacinxj>..J^^ Is 
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plasmia p8D64 or pUB3iO or a derivative of one of said 

17. A process according to, CI aim ii oojsprising 
cutting chromosomal BNA Xrom Bacillus strain MCIB iI837 with 
tbs restriction encjyroe I-lboi , isolating DNA-fr^gs5ents in the 
range, of 4-12 kh, lighting with E. coll plasmia pACYCl84, 
transforsning into coli cells;, ia<^nuif ying starch 
degrading trans formants habouring plasmids containing the 
amylase gene, cutting said plasmids with restriction anxyjtie 
Sau3,'a and ligatirig with plasraid pSD64 which has been cist 
with the restriction eaayme BaraHl. 

1&- A >-eoonib inapt p3ast?5icl containing the gene 
coding ior the iraitogenc ajnyissa according to Ciaisi 1. 

as. The recorrtbinaat plasnsid according to ciaij?: 18 
ftjrther coinprislng at least the partial nucleotjae sequence 
of piasjrdd pBD64 or pOBllO or aerxvatives thereof and the 
sses^ixeTsce coding for said maltogenie amylase* 

20. The rec:or<:bjnunt pla,=;!^.^c of cia-:-^ 2 9 further 
comprising the plasjsid ii,U;strotoa in F^c;, l\'.rz:oi, 

21. A proc€?sr. for prodncing high parity ijusXtose 
syrup comprise ng ireetmg a-turch 3n an aqueous nediu^^ \<;lth 
the snaStogeuic aKvy3as:e f='n2;yme accorai.'3g to claixa 1 in t,he 
optional presence of «~1^6~glucosiaass . 
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